Some attempts have been made in the academic community to carry out an automatic morphological analysis of the Qur'anic text. Among the well-known endeavors in this regard is the morphological annotation of the Quranic Arabic Corpus (QAC) which was carried out in Leeds University, UK. In addition, researchers in the University of Haifa had previously implemented a computational system for the morphological analysis of the Qur'an. More recently, a new Quranic corpus has been built in Mohammed I University in Morocco. To the best of our knowledge, these are the only three studies to produce a morphologically analyzed part-of-speech tagged Qur'an encoded as a structured linguistic database. This paper surveys the morphological analysis in the above-mentioned annotation projects and compares between them to test the quality of their analysis using five criteria related to display of the text in the corpus, word segmentation, morphological disambiguation, part of speech (POS) tag set and manual verification. The paper concludes that the QAC of Leeds and the Quranic corpus of Morocco surpass the Quranic corpus of Haifa with regard to most of these criteria. Furthermore, some additional POS tags for derivative nouns are suggested in a step to reach a more fine-grained tag set that could be proposed for POS tagging of Qur'anic Arabic.
Morphological Analysis of the Glorious Qur'an Sabtan
Arab World English Journal www.awej.org ISSN: 2229-9327
103
Arabic morphological analyzers aim to identify and separate affixes (prefixes and suffixes) and clitics from the surface word and recover the root or the stem that may have undergone morphophonemic changes (Farghaly, 2010) . Those analyzers also specify the grammatical categories (parts of speech) of words. Arab grammarians traditionally classify Arabic words into three main grammatical categories, namely noun, verb and particle. These categories could be classified into further sub-classes which collectively cover the whole of the Arabic language (Haywood & Nahmad, 1965) . In addition, words are then morphologically analyzed with regard to those linguistic features such as number (singular, dual or plural), gender (masculine or feminine), case (nominative, accusative or genitive), definiteness (definite or indefinite), …etc. Thus, morphological analyzers classify words with their part of speech (POS) along with their morpho-syntactic features.
In this paper the author reviews the morphological analysis of the Qur'anic words in three corpora: (i) the Quranic Arabic Corpus (QAC) 1 which is a collaborative web-based project carried out at Leeds University (ii) the Haifa Quranic Corpus (henceforth HQC) 2 which was conducted at the University of Haifa and (iii) the latest annotated Corpus of the Qur'an which was built at Mohammed I University in Morocco 3 . This corpus will be referred to as (MQC) which stands for "Mohammed I Qur'anic Corpus". Throughout the survey the strengths and weaknesses of the analysis in these corpora are discussed.
The remainder of this paper is organized as follows: in section two the complexity of Arabic morphology and the challenge of POS tagging are discussed. Section three sheds light on different computational efforts for the morphological analysis of the Glorious Qur'an. In section four a comparison is made between the three corpora: QAC, HQC and MQC. Section 5 shows the results of the comparison process. Finally, a conclusion of the paper is presented in section 6.
Arabic Morphological Analysis
Since Arabic is a highly inflected language with a complex morphological system, a word in Arabic may contain up to five parts as follows:
1. Proclitics, which occur at the beginning of a word, (e.g. conjunctions such as ‫و‬ "and", ‫ف‬ "then", prepositions such as ‫ب‬ "with" or "by", ‫ل‬ "to"). 2. Prefixes, such as the prefix of the imperfective verb ‫,ي‬ the future marker ‫س‬ "will" and the definite article ‫ال‬ "the". 3. A stem, which can be represented in terms of a 'root' and a 'pattern', as described above. 4. Suffixes, such as verb endings, nominal cases, nominal feminine ending, plural markers …etc. 5. Enclitics, which occur at the end of a word, are complement pronouns. For example, the Arabic word ‫ييي‬ ‫يي‬ ‫ي‬ ‫ييي‬ ‫يي‬ ‫ي‬ ‫يي‬ ‫يياي‬ ‫ييبي‬ ‫لي‬ lyktbwnhA 4 "to write it" contains the previous components as shown in Arabic morphological analysis is a tough and complicated process due to the complex nature of Arabic morphology. This complex nature is most vivid in such cases where a single Arabic word could stand as a complete sentence, particularly in Qur'anic Arabic. For instance, ‫كه‬ ‫ينبك‬ ‫فأسي‬ fa>asoqayonaAkumuwhu "then we gave it to you to drink", which is composed of a stem along with a number of affixes and clitics, gives the meaning of a complete sentence As pointed out earlier, one of the main functions of a morphological analyzer is to specify the POS category for each word. Generally, morphological analyzers are designed to generate all possible analyses of the analyzed words, indicating the potential POS categories for such words out of their context. But when context is taken into account, the process of determining POS categories is called POS tagging, word-class tagging or sometimes morpho-syntactic tagging. In this regard, a distinction is often made between morphological analysis problems (which are handled by a morphological analyzer) and morphological disambiguation problems ). A number of POS taggers use morphological analyzers as one of their components. In other words, the morphological analyzer proposes a number of potential POS categories for input words and then the POS tagger chooses the right POS category for each word in its context. MADA 5 ) is one of such taggers. Some other taggers do not use a morphological analyzer and use other techniques to carry out POS tagging. For example, Ramsay and Sabtan (2009) produced a lexicon-free maximum-likelihood tagger which makes use of very simple clues based on the initial and final characters of a word along with transition probabilities between tags, and then uses transformation-based learning (TBL) to patch the errors in this initial assignment. As regards the morphological analysis in the three corpora under study, the QAC and MQC provide morpho-syntactic tagging for each Qur'anic word in its contextual verse. But Haifa analyzer is incapable of performing context-dependent morphological disambiguation, and sometimes provides multiple analyses for each word, especially in case of verbs (Talmon & Wintner 2003; Dror et al. 2004) .
Arabic POS tagging is not an easy task due to the complicated nature of Arabic word structure and the high degree of lexical ambiguity which is particularly pervasive in nonvowelized (or undiacritized) texts. This ambiguity occurs when a single written form may correspond to a number of different lexemes which may have a number of different senses as well as POS categories. In this regard, we will discuss two important reasons that represent a challenge for Arabic POS tagging. (Jackson, 1988) . This phenomenon is widespread in nonvowelized Arabic, as shown in the examples in table 2 below. 2. Internal word structure ambiguity: a complex Arabic word could be segmented in different ways (Farghaly & Shaalan, 2009 ). In such cases a POS tagger has to determine the boundaries between segments or tokens to give each token its proper POS tag. 'Segmentation' is a method to determine the boundaries between all the word parts. This word segmentation ambiguity is sometimes termed 'coincidental identity'. This occurs when clitics accidentally produce a word-form that is homographic with another full form word (Kamir et al., 2002; Attia, 2006) . Examples for such cases are given in table 3. As noted earlier, the Qur'anic text is vowelized or diacritized where diacritics are placed on letters to indicate the pronunciation of words. The complicated nature of Arabic morphology is noticeable in both vowelized and non-vowelized texts. As for the degree of lexical ambiguity, which is so vivid in non-vowelized texts, it is also apparent in vowelized text but in a lesser degree.
Morphological Analysis of Qur'anic Arabic
Morphological analysis has been carried out for analyzing Classical Qur'anic Arabic. Some studies have focused on stemming the Qur'anic text to obtain the stem after removing all affixes and clitics. Thabet (2004) proposed a light stemming approach that uses a transliterated version of the Qur'an in western script. Thabet's main objective for stemming the Qur'an was to prepare the text as data for multivariate analysis of the lexical semantics of the Qur'an. In addition, Yusof et al. (2010) developed a rule-based stemming algorithm to stem the Qur'an through identifying the various word patterns. Their approach, which deals only with triliteral roots, was tested on the 30th chapter of the Glorious Qur'an. More recently, Sabtan (2012) presented a light stemmer for Arabic, using a corpus-based approach. The stemmer, which was tested on the Qur'anic text in its non-vowelized form, groups morphological variants of words in the corpus based on letter-sequence similarity, before stripping off their affixes to produce their common stem. The aim of developing such a stemmer was to investigate the effectiveness of using word stems for extracting bilingual equivalents from an Arabic-English parallel corpus. The Qur'anic Arabic text with an English translation was used as the parallel corpus. Nonetheless, all the previously mentioned attempts do not provide a morphologically analyzed part-of-speech tagged Qur'an encoded as a structured linguistic database.
Other research efforts have worked on providing a full morphological analysis of the Glorious Qur'an encoded as a structured linguistic database. Within this framework a study was conducted at the University of Haifa to present a computational system for morphological analysis and annotation of the Qur'an for research and teaching purposes. The system consists in a set of finite-state based rules using Finite State Machines technology to annotate the Arabic morphology of the Qur'an. However, the automatic annotation was not manually verified. The accuracy of the system is estimated at 86% (Dror et al. 2004 ).
In addition, the Qur'anic text has been linguistically annotated at Leeds University, UK. The Quranic Arabic Corpus (QAC) is a newly available linguistic resource enriched with multiple layers of analysis including morphological annotation and POS tagging, syntactic analysis using dependency grammar and a semantic ontology (Dukes & Habash, 2010; Dukes & Buckwalter, 2010; Dukes, 2013; Dukes et al. , 2013 . In this paper the author focuses only on the layer of morphological analysis. Other layers, i.e. syntactic and semantic analysis, are outside the scope of this paper. The motivation behind the QAC work is to produce a resource that enables researchers interested in the Qur'an to get as close as possible to the original Arabic text and understand its intended meanings through grammatical analysis. Buckwalter's Arabic Morphological Analyzer (BAMA) (Buckwalter, 2002) was used to generate the initial tagging in the morphological annotation of the Quranic Arabic Corpus. The analyzer was adapted to work with Quranic Arabic text. It was necessary to convert from MSA BAMA tag set to the desired Quranic tag set. Then, manual correction was carried out online (Dukes & Habash, 2010) .
In a new attempt at Mohammed I University to produce a morphologically analyzed corpus of the Qur'anic text, Zeroual & Lakhouaja (2014) presented a new Quranic Corpus rich in morphological information. But this corpus is not yet available online. They used a semiautomatic technique, which consists in using the morphsyntactic analysis system of MSA words "AlKhalil Morpho System" followed by manual verification. Each word in this corpus is associated with the following morphological information: stem, POS tag, lemma, root and pattern. It is worth noting that a lemma is the uncliticized perfective third person masculine singular form in case of verbs. For nouns, it is the uncliticized singular indefinite masculine or feminine form (Saleh & Habash, 2009 ).
Comparative Description of the Corpora
A number of studies have focused on comparing between morphological analyzers from different aspects. For instance, Attia (2006) compares between BAMA (Buckwalter, 2002) , Xerox Arabic Morphological Analysis and Generation (Beesley, 2001 ) and Attia's Arabic Morphological Transducer with respect to ambiguity. Sawalha & Atwell (2008) conduct a comparative evaluation of a number of morphological analyzers and stemmers to test their accuracy with regard to stemming or root extraction. In this paper the author focuses on another aspect in the morphological analysis process. In particular, he compares between three morphologically analyzed corpora of Qur'anic words with regard to the way the annotation is displayed, the actual morphological processing and the manual verification of the analysis. He also discusses the tag sets that are available in the QAC and MQC and proposes more tags that could be added so as to reach a more fine-grained tag set that could be used for tagging the Qur'an.
Hamada (2009) proposes a number of standards for evaluating Arabic morphological analyzers. These standards are concerned with the entire process of morphological analysis, including the ability to specify the root, affixes and POS category of a given word (whether it is vowelized or non-vowelized). Due to the fact that the tag sets in the three corpora are not the same, a large-scale automatic evaluation is not possible. In this regard, Hamada (2009) points out that the automatic evaluation of morphological analyzers requires a unified tag set. Therefore, the author conducted a small-scale manual evaluation experiment to discuss the differences between the three corpora under study with respect to their morphological analysis.
The HQC is automatically morphologically analyzed without any manual correction. According to Dror et al. (2004) , the accuracy of the system scores 86%. The morphological annotation of the QAC, on the other hand, was manually verified. However, it should be noted that the manually built morphological analysis is not error-free. Dukes et al. (2013) point out that the current estimated accuracy of morphological annotation in the QAC is measured at 98.7%, using the approach of supervised collaboration. As for the MQC, Zeroual & Lakhouaja (2014) indicate that AlKhalil morphological analyzer, which was used to analyze the words in the corpus, has analyzed 94% of the Qur'anic words. Thus, they had to manually add the remaining 6% to the output results. In addition, some of the given results are not correct. They There are a number of differences between the three corpora (HQC, the QAC and MQC) with regard to the way the Qur'anic text is encoded in these corpora. The HQC does not use the standard Arabic transcript but uses a phonemic transcription of the text. The transcription is based on pure ASCII notations, largely with single-symbol equivalents of the Arabic graphemes, and double letters expressing long vowels. Also, hyphenation is used to isolate nominal and verbal bases from the various affixes, e.g. wa-kaana "and was" (Talmon & Wintner 2003; Dror et al. 2004 ).
The QAC, in contrast, uses the Arabic script along with a phonetic transcription, word-forword translation and location reference based on (Chapter: Verse) standard besides three levels of analysis: morphological annotation, a syntactic treebank and a semantic ontology. Moreover, a single complex word in the QAC is divided into multiple morphological segments with a POS tag assigned to each segment. What is also more interesting is that the QAC linguistic annotation is color-coded and is thus easy to read. This, in turn, facilitates the deep understanding of the Glorious Qur'an. As a result, over a million visitors use the QAC website per year (Atwell, 2012).
As for MQC, the morphological annotation of this corpus is not yet available online and there are only sample examples cited by the authors in their paper (Zeroual & Lakhouaja, 2014) , which will be used in the comparative analysis. The corpus contains the Arabic script along with Buckwalter transliteration. However, the current stage of the corpus does not contain word-for-word translation or location reference.
With regard to the QAC annotation the author only displays the morphological level of linguistic annotation, as other levels of linguistic analysis are outside the scope of this paper. Besides the color-coded linguistic annotation on the QAC website, (which shows not only morphological analysis but syntactic and semantic analysis as well), there is an available file on the website that contains only the morphological analysis of the QAC as a resource for linguistic investigation. The data in this file will be used in the discussion of the morphological analysis of the QAC.
It is time now to throw light on the morphological analysis in the three corpora under study. The differences between the morphological annotations in the three corpora are made clear through the Qur'anic word ‫الحهد‬ AlHamodu "praise".
First, figure 1 shows the morphological analysis of this word in the HQC. Then the morphological analysis of the same word in the QAC and MQC is illustrated in tables 4 and 5 respectively.
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Figure 1. Morphological analysis of a Qur'anic word in HQC
The previous figure shows the morphological analysis of a Qur'anic word in the HQC. The analysis of a word contains a number of morphological components which are described as follows:
▪ The Qur'anic word: A hyphen is used in the word ‫الحهد‬ (l-Hamd-u) to isolate the nominal stem (Hamd) from the prefix (the definite article l) and the nominative case marker (u). It should be noted that the definite article Al is shortened to just l in pronunciation after being connected with the preceding word in the previous verse. ▪ The morphological analysis: The following figure shows the description of the morphological information in the HQC. 
Figure 2. Abbreviated tags in the morphological analysis of a Qur'anic word in HQC
The current example ‫الحهد‬ AlHmd "praise" is a singular masculine noun in the nominative case preceded by the definite article. The root of this noun is Hmd whose pattern is fa&l (i.e. ‫.)فعل‬ Since the morphological analysis in the QAC is used in preparation for syntactic annotation, suffixes and enclitics that have syntactic functions within a word are annotated with their . Notably, the plural suffix functions as a subject pronoun.
As for the morphological analysis in MQC, the following table sheds light on the analysis of the example word. As Table 5 shows, the example word in the MQC is associated with a number of morphological information: the stem, part-of-speech tag, lemma, root, and the vocalized patterns for each of the stem and lemma. The Arabic tag ‫مأ‬ is used to refer to the POS category ‫أصلي‬ ‫ممدو‬ and its English tag "VN" means 'Verbal Noun'. A sample of the tag set used in MQC is shown in Appendix C, based on Zeroual & Lakhouaja's paper (2014) . It is obvious that the analysis does not contain information for the Arabic definite article "Al" which is a prefix attached to the beginning of the word. This has been observed in other nominal and verbal affixes. So, the MQC analyzes the main component of the word, i.e. the stem and leaves out affixes and clitics. However, the MQC, unlike the QAC and HQC, specifies the pattern of the stem and lemma.
Results and Discussion
The morphologically analyzed corpora of both the QAC and HQC are available online, but the MQC corpus is not yet available online and therefore the author could only discuss the examples cited by Zeroual and Lakhouaja (2014) in their paper. The author compares between the three corpora with regard to the following morphological information: stem, affixes, POS tags, Table 6 shows the morphological analysis of a number of words in the three corpora under investigation. The example words constitute verse 2 in Chapter 1 (Sūrat Al-Fātiha "The Opening").
Praise be to Allah, Lord of the Worlds.
We will discuss the analysis for each corpus to uncover the differences between the three corpora. The 0 symbol is used when a certain morphological feature is not relevant for the word under analysis. But the # symbol is used for the non-existing information. 
It is obvious in table 6 that there are differences between the three corpora with respect to their morphological analysis. These differences can be shown as follows:
• While the QAC and MQC provide a unique analysis for each word, the HQC contains multiple analyses for many words, as the case with the word rab~i "Lord". It has two analyses: the first analysis refers to the basic stem "lord" with the addition of the first person singular masculine dependent pronoun ‫"ي"‬ meaning "my lord". The second analysis, however, refers to the stem only, i.e. "lord".
• Both the QAC and MQC provide the lemma and root as part of the morphological analysis. The HQC, on the other hand, does not provide the lemma for words. In case of roots, some words do not have the root as part of their analysis.
• Both the QAC and MQC segment the stem from other affixes. However, the QAC assigns POS tags for each segment, while the MQC assigns POS tags to stems only. As for the HQC, it provides POS tags for all components of the word without word segmentation as shown in figure 1 above.
• The QAC and HQC contain more information about the morphological features of gender, number, and case.
• The analysis in the HQC does not contain information about the lemmas of words, while lemmas are given in the QAC and MQC.
• The lemma of the word ‫بنَ‬ ‫هِ‬ َ ‫ل‬ َ ‫ع‬ ‫ال‬ AloEaAlamiyna "worlds" in the QAC analysis is given as EaAlamiyna which is not actually the lemma but the stem. According to Zeroual and Lakhouaja (2014) , many lemmas in the QAC are in fact stems. The MQC, in contrast, provides the correct lemma of the word, which is ‫م‬ َ ‫ل‬ َ EaAlam "world".
Based on the previous discussions, the key differences between the three corpora can be illustrated using five main criteria, as shown in table 7. POS tag set The authors did not publish a well-defined annotation scheme, including the POS tag set that was used to annotate the corpus.
Manual verification
It was not manually verified and authors reported 86% accuracy.
The Quranic Arabic Corpus (Leeds University, 2010)
Display of the text It uses the Arabic script, a phonetic transcription, word-for-word translation and location reference.
Word segmentation Words are divided into morphological segments with POS tags assigned to each segment.
Morphological disambiguation
It provides a unique analysis for each word in its contextual verse.
POS tag set
The QAC has a well-defined annotation scheme. The POS tag set and morphological feature tags are published in Dukes & Habash (2010) .
Manual verification
It involved automatic annotation using BAMA followed by manual verification. 98.7% accuracy using the approach of supervised collaboration was reported.
Mohammed I Quranic Corpus (Mohammed I University in Morocco, 2014)
Display of the text It uses the Arabic script along with Buckwalter transliteration, but does not include word-for-word translation or location reference.
Word segmentation It segments the stem from other affixes and clitics but assigns a POS tag for the stem only.
Morphological disambiguation
Initially 22% of input words have multiple analyses. Then, the correct analysis for each word has been selected.
POS tag set
It uses a fine-grained POS tag set. A sample of the tag set is described in the authors' paper about the corpus.
Manual verification A semi-automatic method was used to annotate the Quranic text by means of using AlKhalil morphological analyzer followed by a manual treatment.
It is noticeable that the morphological analysis in the Quranic Arabic Corpus (QAC) and Mohammed I Quranic Corpus (MQC) has a number of advantages that are lacking in Haifa Quranic Corpus (HQC). These advantages are concerned with the points that have been discussed in the previous Though the QAC employs a fine-grained POS tag set as shown in appendices A and B, it uses a less fine-grained tag set with regard to nouns. The morphological feature tags for derivative nouns include only three categories: active participle, passive participle and verbal noun.
Based on POS sub-classification of Arabic nouns, more derivative types could be added to the three derivative nouns in the QAC. Table 8 shows the tags for the three derivative nouns in the QAC along with some additional POS tags for other derivative nouns. It should be noted that some of these types are included in the MQC tag set as shown in Appendix C. 
Conclusion
In this paper the author aimed to make a survey of the morphological analysis in three corpora of the Glorious Qur'an. These three annotation projects are the morphological tagging in Haifa Quranic Corpus (HQC) evaluation of the three corpora was conducted with regard to five main criteria, namely display of the text in the corpus, word segmentation, morphological disambiguation, POS tag set and manual verification. The evaluation shows that the morphological analysis in both of the QAC and MQC has a number of advantages that are lacking in the HQC. Most importantly, the QAC and MQC provide a unique analysis for each word in its contextual verse. In addition, the automatic analysis has been manually verified in both corpora. The HQC, on the other hand, contains multiple analyses for many words and remains manually unverified. The QAC is advantageous in another aspect, namely the way the annotation of the text is displayed. The QAC uses the Arabic script along with a phonetic transcription, word-for-word translation and location reference. As for the POS tag sets, the HQC authors did not publish a well-defined scheme concerning the POS tag set that was used to annotate the corpus. As for the QAC and MQC, both corpora use a fine-grained POS tag set, though some noun tags are underspecified in the QAC. Underspecification means that the POS tag in question does not provide a full description of the mopho-syntactic features of a given word. In this regard, some nouns are not subcategorized into its derivative types. Therefore, additional tags for subcategories of nouns have been proposed to be used along with the existing tagsets for potential POS tagging of the Qur'anic text.
